
 

 

 
Abstract—The influence of twist arrangement on the temperature 

distribution in an annular diffuser fitted with twisted rectangular hub 
is investigated. Different pitches (Y = 120 mm, 100 mm, 80 mm, and 
60 mm) for the twist arrangements are simulated to be compared. The 
geometry of the annular diffuser and the inlet condition for the hub 
arrangements are kept constant. The result reveals that using twisted 
rectangular hub insert with different pitches will force the 
temperature to distribute in a circular direction. However, 
temperature distribution will be enhanced with the length pitch 
increases. 
 

Keywords—Numerical simulation, twist arrangement, annular 
diffuser, temperature distribution, swirl flow, pitches. 

I. INTRODUCTION 

EMPERATURE distribution in annular diffusers fluid 
flow have been applied in many engineering applications 

such as gas turbines, compressors, pumps, wind tunnels, etc. 
The thermal performance in an annular diffuser is quite 
different than the thermal performance in an axial diffuser 
because of the hub existence. Both kinds play an important 
role in many fluid machines to convert kinetic energy into 
pressure energy. In thermal applications that adopt 
temperature distribution such as combustion process and 
boilers, it is essential to use swirl generators that provide a 
rotational flow around an axis parallel to the flow direction. 
Twist arrangements are one important group of swirl generator 
which mostly applied for heat transfer improvement. It is an 
efficient method used to increase the heat transfer rate and to 
enhance temperature distribution through diffusers and pipes 
without the need to add any external power. Effects of 
different twisted tape geometry were reported by Eiamsa-ard 
et al. [1], [2]. They obtained the influences of circular-ring 
turbulators (CRT) and twisted tape (TT) swirl generators on 
the heat transfer enhancement, pressure drop and thermal 
performance characteristics in a round tube. Three different 
pitch ratios of the (CRT) and three different twist ratios of the 
(TT) were introduced. The experimental results reveal that the 
heat transfer rate, friction factor and thermal performance 
factor of the combined (CRT) and (TT) are considerably 
higher than those of (CRT) alone. For the range examined, the 
increases of mean Nusselt number, friction factor and thermal 
performance, in the tube equipped with combined devices, 
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respectively, are 25.8%, 82.8% and 6.3% over those in the 
tube with the (CRT) alone [1]. In another work, the heat 
transfer enhancement using twisted tapes with alternate axes 
(TA) at different alternate lengths was investigated [2]. 
Twisted tapes with both uniform and non-uniform alternate 
lengths (TAs and N-TAs) were evaluated in comparison with 
typical twisted tape (TT) using different twist length ratios. 
Results indicated that the twist length ratio (l/y = 0.5), giving 
the highest heat transfer rate as well as the maximum thermal 
performance factor. 

Different twist arrangements have been studied by Ehan et 
al. [3], [4]. Heat distribution and flow behaviors in an annular 
diffuser with twisted rectangular hub numerically simulated 
[3]. The study was conducted with three different twist ratios 
(Y/W). The results showed that temperature distribution 
increased as twisted ratio (Y/W) decreased. Temperature 
distribution in an annular diffuser equipped with helical tape 
hub and a twisted rectangular hub were numerically simulated 
[4]. Different twist ratios for the annular diffuser with both 
helical tape hub and twisted rectangular hub were compared. 
Result obtained that using both helical tape hub and twisted 
rectangular hub forced the temperature to distribute in a 
helical direction. However the results showed clearly that 
helical tape insert gave better enhancement. 

Tan et al. [5] studied different geometry influence of 
twisted oval tube in the shell side of heat exchanger. Results 
reflected that Nusselt number and friction factor both 
increased with the increasing of length and aspect ratio. It 
concluded that the overall heat transfer performance of the 
shell side increased with the increasing of the aspect ratio. 

Chang et al. [6], [7] examined the spiky ribbed twist tapes 
with and without V-notches at forward and backward flow 
conditions as the newly devised heat transfer enhancements 
elements for tubular heat exchangers to discover their 
competitive thermal performances for various design 
applications. Results conducted with all these different 
geometry achieved that the thermal propertied will be 
enhanced [6]. Study has been revealed the heat transfer and 
pressure drop characteristics of laminar and turbulent tubular 
flows enhanced by five types of modified twist tapes with 
their thermal performance factors compared by the plain tube 
references and the baseline tubular flow references with a 
conventional or spiky twist tape insert. They compared the 
results with those reported for other types of twisted tapes in 
the literature; the tested V-notched spiky twisted tape 
generally offered the highest heat transfer enhancement 
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III. RESULTS AND DISCUSSION 

A. Testing Sections 

Temperature distribution is numerically obtained for an 
annular diffuser fitted with twisted rectangular hub for 
different pitches (Y). The numerical analysis for the annular 
diffuser is obtained for three cutting sections. 

Fig. 4 shows the three cutting sections along the radial 
direction of the annular diffuser at 30 mm (section 1-1), 70 
mm (section 2-2), and 110 mm (section 3-3). 

 

 

Fig. 4 Three cutting sections in the radial direction of the annular 
diffuser 

B. The Influence of Different Pitches (Y) 

Pitch length is an important factor to indicate the 
enhancement of temperature distribution. Therefore simulation 
results of an annular diffuser with twisted rectangular hub will 
be discussed for different pitches (Y = 120 mm, 100 mm, 80 
mm, and 60 mm) for three cutting sections in the radial 
direction. 

Figs. 5-8 show the influence of twist arrangement existence 
on the temperature distribution. The testing static temperature 
range is presented from 450 K (dark blue) to 3500 K (red). 

Fig. 5 displays the impact of the twist arrangement insert on 
the temperature during the flow with pitch (Y = 120 mm). 
Section 1-1 indicates that the temperature is almost at the heat 
source location so it is around (3490 K). The temperature will 
be spread more in section 2-2 with more colored area. In 
section 3-3 the spread area of temperature shown to be more 
but with lighter blue that means less temperature degrees. 

In Fig. 6 which tests pitch (Y = 100 mm) it can be seen that 
the phenomenon appears to be similar. The temperature starts 
to distribute from section 1-1 until section 3-3 and the colored 
area becomes bigger during sections. Results obtain that the 
existence of twist arrangement force the temperature to move 
in the radial direction and in the direction of the flow as well. 

Pitch (Y = 80 mm) represents in Fig. 7. It reveals that the 
temperature starts to distribute in the both directions from 
section 1-1 until section 3-3 and the colored area starts to 
spread at the three sections. Results show that distribution area 
starts to increase through the sections. 

Twist pitch (Y = 60 mm) shows in Fig. 8, the temperature 
starts to distribute in the radial direction and in the direction of 
the flow from section 1-1 until section 3-3. Results show that 
distribution area starts to increase through the sections. 

 

 

Fig. 5 Three sections for the tested diffuser with pitch (Y = 120 mm) 
 

 

Fig. 6 Three sections for the tested diffuser with pitch (Y = 100 mm) 
 

 

Fig. 7 Three sections for the tested diffuser with pitch (Y = 80 mm) 
 

 

Fig. 8 Three sections for the tested diffuser with pitch (Y = 60 mm) 

C. Effect of Twisted Rectangular Hub with Different Pitches 
at the Outlet Section 

Figs. 9-12 explain the relation between static temperature 
and different radial distance (X/L) with four different pitches 
(Y = 120 mm, 100 mm, 80 mm, and 60 mm) in an annular 
diffuser fitted with twisted rectangular hub at the outlet section 
(L = 135 mm). 

Results show the temperature distribution behavior in this 
section for these different pitches. They are used for 
comparative purposes. Simulation outcomes indicate that 
temperature will follow the radial direction in all twist 
arrangements but in different manner. 
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Fig. 9 Temperature distribution in the outlet section (L = 135 mm) for 
pitch (Y = 120 mm) 

 

 

Fig. 10 Temperature distribution in the outlet section (L = 135 mm) 
for pitch (Y = 100 mm) 

 

 

Fig. 11 Temperature distribution in the outlet section (L = 135 mm) 
for pitch (Y = 80 mm) 

 

 

Fig. 12 Temperature distribution in the outlet section (L = 135 mm) 
for pitch (Y = 60 mm) 

D. Comparison of Different Pitch Effect 

Comparison of using different pitches for the twisted 
rectangular hub of an annular diffuser reveals clearly that the 
insert of the twist arrangements will affect the temperature 
distribution in positive way and the temperature will distribute 
in several directions. 

Fig. 13 shows the effect of four different pitches (Y = 120 
mm, 100 mm, 80 mm, and 60 mm) on the temperature 
distribution at the outlet section. It can be obtained that the 
diffusion area is wider in the outlet section for all the pitches. 

 

 

Fig. 13 Temperature distribution in the outlet section (L = 135 mm) 
for different tested pitches 

IV. CONCLUSION 

In the present study, the influences of twisted rectangular 
hub on temperature distribution are investigated for an annular 
diffuser with four different pitches. The tested pitches are 
simulated with heat source of 10 KW. The numerical 
simulation using CFD approach is used to provide information 
about temperature distribution. The simulation results show 
the dependence of the temperature distribution on the twist 
arrangement. The numerical study confirms that the 
temperature will follow circular motion due to the present of 
the twist arrangement insert. The simulation results achieve 
that: 
1) Temperature distribution characteristics are investigated 

with four pitches. The existence of twisted rectangular 
hub causes distribution area to be increased from section 
1-1 until outlet section. 

2) The relation between static temperature and different 
radial distance (X/L) with four different pitches (Y) in 
Figs. 9-12 reveals that the existence of the twist 
arrangement insert will help the temperature to distribute 
in the radial direction of the flow. 

3) Comparison of the simulation results show clearly that 
using different pitches will distribute the temperature, 
however the results detect that the distribution appear to 
be better with high pitches. 
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